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recovery from the harmful side‑effects. Though the cure rate is 
high, relapses are commonly seen in more aggressive tumors.

In the past decade, the concept that smaller individual doses 
other than the MTD could be used emerged; which could be 
more effective with lesser toxic effects. This reduces the harmful 
side‑effects and also improves antitumor effects.[2‑5] This concept 
of  regular chemotherapy scheduling in low doses, below the 
MTD with no prolonged drug‑free breaks is called “MC”.[2] This 
type of  chemotherapy inhibits tumor growth by anti‑angiogenic 
mechanisms and also reduces the undesirable side‑effects. This 
has been proven by in vitro and in vivo preclinical studies.[1,4,6,7]

Few studies have shown that in patients with cancer that are either 
refractory to treatment or which have relapsed after conventional 
chemotherapy, MC can induce satisfactory tumor stabilization, also 
the duration of  clinical benefit is longer with this type of  low dose 
scheduling than the conventional chemotherapy with high doses.[8,9]
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INTRODUCTION

Metronomic chemotherapy (MC) is an alternate strategy to fight 
resistant cancers. This is in contrast to the regular cytotoxic 
chemotherapy drugs that either damage the deoxyribonucleic acid 
or inhibit the microtubules and kill or inhibit the rapidly dividing 
cancer cells.[1] Maximum tolerated doses (MTD) of  these drugs 
are designed to kill as many tumor cells as possible. Such doses 
require prolonged periods of  break between successive therapies 
so as to allow the normal tissues to recover and also to allow 
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The conventional chemotherapy targets the proliferating tumor 
cells, whereas in the low dosage metronomic therapy the target 
is the endothelial cell of  the growing vasculature of  a tumor.[10] 
Thus, MC is also called as “anti‑angiogenic chemotherapy” as 
coined by Browder et al.[10] This low dose MC is one of  the most 
efficient “anti‑angiogenic” chemotherapy and also has beneficial 
immunologic effects.[11‑13] This type of  treatment leads to a long 
term asymptomatic control of  the disease by inducing angiogenic 
dormancy.[14]

Many clinical trials have shown favorable results in patients who 
were untreated or had earlier received conventional chemotherapy 
in various types of  cancer.[15‑22] Few studies have shown that no 
improved patient survival was seen in patients on MC,[23,24] but 
MC does induce tumor stabilization[3,10] and the duration of  
clinical benefit can be longer than the benefit obtained with the 
conventional chemotherapy.[8,9]

Most of  these studies have assessed clinical parameters in assessing 
response of  this low dose anti‑angiogenic chemotherapy. With 
this background, we undertook this retrospective analysis to 
evaluate whether anatomic imaging modality like computed 
tomography (CT) scan or a functional imaging modality like 
positron emission tomography (PET) should be used for 
assessment of  treatment response in patients on MC.

MATERIALS AND METHODS

All patients on metronomic therapy who were referred to our 
department for a PET CT study prior to start of  the treatment and 
for a response evaluation after 12‑14 weeks, between May 08 and 
January 12 were included in this retrospective evaluation.

Patient characteristics
A total of  43 patients of  various cancers, on metronomic 
therapy who underwent PET CT were assessed by CT and 
PET using new response evaluation criteria in solid tumors 
(RECIST 1.1) and PET response criteria in solid tumors 
(PERCIST 1.0) criteria. There were 16 males, 27 females with 
age range 12‑83 years. There were 22 patients of  breast cancer, 
7 of  musculoskeletal cancer (soft tissue sarcoma‑2, primitive 
neuroectodermal tumor [PNET]‑5, Osteogenic sarcoma‑1), 4 
of  head and neck cancer (nasopharyngeal‑3, tongue‑1), 2 of  non 
Hodgkins lymphoma, 2 of  esophageal and 1 each of  gall bladder, 
ovarian cancer, hemangiopericytoma, ganglioneuroblastoma and 
1 a paraganglioma [Table 1].

Patient preparation and PET‑CT imaging protocol
All patients were asked to fast for 4‑6 h prior to the study and blood 
glucose levels were checked and confirmed to be <150 mg/dl. 
The studies were performed 60‑90 min following intravenous 
administration of  5 MBq/kg of  18F‑fluorodeoxyglucose 
(18F‑FDG). Imaging was performed on a discovery ST PET‑CT 
system (general electric medical systems). It combines a 16 slice 
CT scanner with a dedicated PET scanner (bismuth germanium 
oxide crystal).

CT was performed over 5‑8 bed positions from the skull base 
to the mid‑thigh; using multislice (16 slice) CT component 
of  the system. CT parameters included 140 kV, 110‑210 mA, 
0.8 s/rotation, pitch of  1.75:1, field of  view (FOV) 50 cm, 
length of  scan 1.0‑1.6 m, 0.625 spatial resolution and slice 
thickness of  3.75 mm. Intravenous and oral contrast was not 
routinely administered in all patients unless there was a specific 
indication and request to do so. This was followed immediately 
by acquisition of  PET data in the same anatomic locations with 
15.4 cm axial FOV acquired in 3D mode with 3 min/bed position.

Image reconstruction and interpretation
The images were reconstructed using a standard vendor provided 
reconstruction algorithm which incorporated ordered subset 
expectation maximization. Image fusion was performed using 
co‑ordinate based fusion software and subsequently reviewed at 
a workstation that provided multiplanar reformatted images and 
displayed PET images, CT images and PET‑CT fusion images.

The images were evaluated by experienced radiologist and 
Nuclear medicine physician blinded to each other’s results. The 
CT findings were analyzed using the RECIST 1.1 and the PET 
findings by PERCIST 1.0 criteria respectively.

Any area with intensity greater than background that could not 
be identified as physiological activity or which on CT correlation 
did not fit into benign (infective/inflammatory/degenerative) 
was considered to be suggestive of  tumor on the PET study.

The response criteria as per RECIST 1.1[25] was as follows–complete 
response (CR) was disappearance of  all target lesions, partial 
response (PR) as 30% or more decrease in sum of  diameters of  
target lesions, progressive disease (PD) as 20% or more increase 
in sum of  diameters of  target lesions and also an absolute 
increase of  at least 5 mm and/or appearance of  one or more 
new lesions, stable disease (SD) – who did not qualify for either 
sufficient shrinkage to qualify for PR nor sufficient increase to 
qualify for PD.

The therapeutic response as per PERCIST 1.0[26] was as 
follows–complete resolution of  FDG uptake within the 
measurable target lesion that is less than the mean liver activity and 
indistinguishable from surrounding background, with appearance 

Table 1: Patient characteristics
Patient characteristics n
Sex

Male/female 16/27
Age range 12‑83 years
Total number of patients 43
Cancer type

Breast/sarcoma/PNET/OGS/
nasopharynx/tongue

22/2/5/1/ 
3/1/

NHL/esophagus/gall bladder/ovarian 2/2/1/1/
Paraganglioma/hemangiopericytoma/
ganglioneuroblastoma

1/1/ 
1

PNET: Primitive neuroectodermal tumor, OGS: Osteogenic sarcoma, 
NHL: Non‑Hodgkin’s lymphoma
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of  no new lesion, was labeled as complete metabolic response 
(CMR). Reduction of  minimum of  30% of  standardized uptake 
value Lean (SULpeak) in the target volume in the same lesion as 
the baseline measurement was grouped under partial metabolic 
response (PMR). Progressive metabolic disease (PMD) was a 30% 
increase in the SULpeak of  the FDG uptake or appearance of  
FDG avid new lesions that was morphologically typical of  cancer. 
Stable metabolic disease (SMD) was disease, which did not qualify 
for CMR, PMR or PMD. The SUL was calculated by a 1.2 cm 
diameter volume region of  interest (ROI) placed on the hottest 
site of  the tumor. It was also determined whether the SULpeak of  
the tumor was higher than 1.5 times the liver SUL mean + 2 SDs 
(in a 3 cm‑diameter spheric ROI in the normal right lobe of  liver).

Statistical analysis
The responses were graded as follows: PD‑1, SD‑2, PR‑3, CR‑4 
and non‑classifiable – 0 for RECIST and PMD‑1, SMD‑2, 
PMR‑3, CMR‑4 and non‑classifiable‑0 for PERCIST. These 
values were statistically compared using Wilcoxon signed‑rank 
test.

RESULTS

The response was concordant in 32 patients and discordant 
in 11 patients. There was concordance in 75% of  patients and 
discordance in 25% of  patients [Table 2].

In patients with concordant result, 2 patients showed PR/PMR, 
8 patients showed SD/SMD and 22 patients showed PD/
PMD, as assessed by RECIST 1.1 for morphologic criteria and 
PERCIST for metabolic criteria, respectively.

PR/PMR was seen in two[2] patients of  breast cancer as there was 
decrease in size and metabolic activity of  the lesions by >30% 
[Figure 1a‑c].

SD/SMD was seen in 8 patients as there was no significant 
change in size and metabolic activity of  the lesions to classify 
for either PR/PMR or PD/PMD.

Out of  the 22 patients who showed PD/PMD by both the 
morphologic and metabolic criteria, 17 showed PD by virtue 

of  new lesions, which were hypermetabolic [Figure 2a and b]. 
In 5 patients, there was increase in sum total of  the diameter and 
SULpeak of  the target lesions by >20% and >30% respectively.

In 11 patients (25%) there was discordance in the result assessed 
by morphologic (RECIST 1.1) and metabolic criteria (PERCIST) 
[Table 3]. Totally 5 patients had SD by RECIST 1.1, of  which 
4 showed PMD by PERCIST. In all these 4 patients, there was 
an increase in the metabolism (change in SULpeak between 
32 and >100%) with no significant change morphologically. 
On follow‑up, 2 of  them had PD both morphologically and 
metabolically on subsequent follow‑up and 1 patient expired due to 
disease progression. In the fourth patient, the increased metabolism 
persisted. In 1 patient there was PMR– decrease in metabolism of  
liver lesions by 61.7% with no change morphologically [Figure 3]. 
The patient was clinically stable on 1 year follow up.

In 3 patients, the disease was Non‑PD (all three had sclerotic 
bone lesions). Out of  these, 1 showed CMR as the sclerotic 
sternal lesion was non‑metabolic. This patient on follow‑up 
showed stable sternal sclerotic lesion. In 2 patients, there was an 
increase in metabolism with no morphologic change and hence 
showed a PMD. On follow‑up imaging, both these patients had 
metabolic and morphologic progression of  disease.

In 1 patient of  breast cancer [Table 3, patient no. 9], there was 
increase in number of  sclerotic lesions in the vertebrae and 
hence showed PD as per RECIST 1.1 whereas there was no 
metabolic activity in these lesions and showed CMR as per 
PERCIST. In this particular case, it is likely that PET may have 
missed the lesions as it is known that sclerotic lesions in patients 
with breast cancer may not be hypermetabolic.[27] However 
there is no follow‑up imaging that is available, but the patient 
remains asymptomatic.

In a 12‑year‑old girl, a case of  Ganglioneuroblastoma [Table 3, 
patient no. 10], a new hypermetabolic marrow lesion in the 
ischium was detected on PET (PMD) and not seen on CT with 
other lesions showing no morphologic change (PR).

In another patient of  PNET [Table 3, patient no. 11], a sacral 
marrow lesion was not detected on CT but was picked up 
by PET– thus the disease was CR by RECIST and PMD by 
PERCIST. On subsequent follow up imaging when the patient was 
on metronomic treatment, there was sclerosis (healing response) 
in the sacral marrow lesion and was then evident on CT [Figure 4].

PET upstaged the disease in 81% of  patients (9/11) and down 
staged the disease in 19% of  patients (2/11).

Statistical analysis
Wilcoxon signed‑rank test was used to compare the 
response evaluation using RECIST and PERCIST, using the 
above‑mentioned grades. Using a 2‑tailed hypothesis, the P < 0.05 
(Z‑0.0445, P‑0.9681) and was thus not significant.

Table 2: Results
RECIST PERCIST

PMD PMR SMD CMR Total
PD 22 1 23
PR 1 2 3
SD 6 1 8 1 16
CR 1 0 1
Total 30 3 8 2

The numbers in bold are those with concordant result. RECIST: Response 
Evaluation Criteria In Solid Tumors, PERCIST: Positron emission tomography 
Response Criteria in Solid Tumors, PMD: Progressive metabolic disease, 
CMR: Complete metabolic response, PMR: Partial metabolic response, 
SMD: Stable metabolic disease, SD: Stable disease, PD: Progressive disease, 
CR: Complete response, PR: Partial response
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DISCUSSION

Though RECIST[25] is a widely applied tumor response criteria 
being dependent on morphological changes, it has limitations. As 
the assessment done by PET based criteria like PERCIST[26] uses 
metabolic changes which are closely related to changes occurring 
in a malignant tissue; it would be a more accurate modality for 
assessing response. Furthermore PET can detect metabolic 
changes when there are no or minimal morphological changes as 
seen in our study, particularly in detection of  metastatic marrow 
lesions. These metabolic changes can be clinically relevant in 
correctly assessing the response post treatment.[28]

Our results show that in patients with discordant result, PET 

appropriately assessed the response as was evident by follow‑up 
imaging in most patients. PET showed morphologic progression 
(PMD) in 8 patients; 4 out of  these on follow‑up imaging 
had both morphologic and metabolic progression of  disease 
(patient no. 2, 3, 7, 8). One patient (patient no 1) expired due to 
disease progression. In one patient (patient no 4), the increased 
metabolism persisted.

An important observation made in this study is that, in two 
patients [patient no. 10, 11] marrow lesions were detected on 
PET not detected by CT. On subsequent follow‑up imaging 
one of  these patients [patient no 11], showed morphologic and 
metabolic resolution of  the disease on metronomic therapy (MC). 
This indicates that though MC is used in a palliative setting with 

Figure 1: A case of carcinoma breast with partial response (concordant result). (a) Maximum Intensity Projection image shows left internal mammary node (block 
arrow) and left chest wall deposit (arrow). Subsequent scan shows complete resolution of the internal mammary node and partial metabolic response in the chest 
wall deposit (arrow). (b) Transaxial images of hypermetabolic internal mammary node (arrows) with complete metabolic and morphologic regression. (c) Transaxial 
images of hypermetabolic left chest wall deposit (block arrow) with residual disease (arrow)

c

b

a

Figure 2: A case of carcinoma breast with new hypermetabolic lesions (concordant result). (a) Transaxial images show new hypermetabolic liver lesion in lower panel 
(arrows) suggesting progressive disease. (b) New hypermetabolic nodules in the left lung in the lower panel (arrow), suggesting progressive disease by new response 
evaluation criteria in solid tumors and PET response criteria in solid tumors

ba
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Table 3: Results of patients with discordant result
Patient 
no.

Cancer type Site of disease RECIST PERCIST Comment Follow‑up

1 Carcinoma tongue Recurrent lesion in tongue 
and supraclavicular nodes

SD PMD No morphologic change, 
increase in SULpeak by 127%

Patient expired a year later 
due to progressive disease

2 Carcinoma breast Right breast mass, right axillary 
nodes and one nodule in right lung

SD PMD No morphologic change, 
increase in SULpeak by 32%

Disease progression‑bilateral 
lung metastases

3 Epitheloid sarcoma Right intrapectoral 
soft tissue mass

SD PMD No morphologic change 
in the mass, change 
in SULpeak by 50%

Increase in size of the 
intrapectoral soft tissue 
mass on follow‑up CT scan

4 Carcinoma breast Right supraclavicular nodes 
and pleural deposits

SD PMD No morphologic change, 
increase in SULpeak by 102%

Increased metabolism 
persisted

5 Carcinoma breast Liver lesion SD PMR No morphologic 
change, decrease in 
SULpeak by 61.7%

The patient is clinically 
stable on 1 year follow‑up

6 Carcinoma breast Sternum Non‑PD CMR Sclerotic lesion in sternum 
with no metabolism

On follow‑up CT scan stable 
sclerotic sternal lesion

7 Carcinoma breast Multiple skeletal metastases Non‑PD PMD No morphologic change in 
the lytic sclerotic lesions 
with increase in metabolism

Metabolic and 
morphologic progression 
is follow‑up studies

8 PNET Multiple skeletal metastases Non‑PD PMD No morphologic change in 
the sclerotic lesions with 
increase in metabolism

Metabolic and 
morphologic progression 
is follow‑up studies

9 Carcinoma breast Multiple sclerotic 
skeletal metastases

PD CMR Increase in number of 
sclerotic lesions with 
no metabolic activity

No follow‑up imaging but 
patient asymptomatic 
clinically

10 Gangioneuro‑blastoma New marrow lesion in ischium CR PMD New hypermetabolic 
marrow lesion with no 
morphologic change

No follow‑up imaging

11 PNET Sacral marrow lesion CR PMD New hypermetabolic marrow 
lesion with no morphologic 
change

Follow‑up imaging showed 
sclerosis in the sacral 
lesion suggesting healing 
response

RECIST: Response evaluation criteria In solid tumors, PERCIST: Positron emission tomography response criteria in solid tumors, SD: Stable disease, PMD: Progressive 
metabolic disease, CT: Computed tomography, PD: Progressive disease, PNET: Primitive neuroectodermal tumor, CR: Complete response, CMR: Complete metabolic 
response, PMR: Partial metabolic response

Figure 3: Transaxial computed tomography (CT) and fused positron emission 
tomography CT images of a patient with carcinoma breast [patient no. 5, Table 3]. 
The upper panel shows a hypermetabolic liver lesion. The lower panel shows 
mild decrease in the uptake visually, with no significant morphologic change. 
Stable disease (SD) and partial metabolic response (PMR)-discordant result

Figure 4: Transaxial computed tomography (CT) and fused positron emission 
tomography (PET) CT images of a patient with primitive neuroectodermal tumor 
[patient no. 11, Table 3]. The upper panel shows no lesion in the sacrum on the 
CT image with a hypermetabolic marrow lesion in the left sacral ala in the fused 
PET CT image (arrow) (complete response and progressive metabolic disease-
discordant result). The lower panel is follow up study showing minimal sclerosis 
in the left sacral ala in the CT image with no hypermetabolism in the fused PET 
CT image (arrow) suggesting response

effective pain palliation[14] and tumor stabilization; it may also 
have a curative effect in few patients. Though, this needs to be 
confirmed with larger studies involving large patient population.
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This was a retrospective observational study and a statistical 
difference between the response evaluation by the two methods 
could not be achieved. This can also be attributed to the low 
sample size and moreover there were 32 ties (concordance) and 
only 11 patients showed differences in response.

It is well‑known that metabolic response depicted by FDG 
PET‑CT well precedes the anatomic response and has been 
well‑demonstrated in few studies.[29] The PET response is depicted 
by a decrease in the glycolytic metabolism of  a tumor unlike 
anatomic response criteria which are based on size of  the tumor 
which lags weeks and months behind the metabolic response.[30]

Many newer cancer therapies including metronomic therapy are 
mainly cytostatic and achieving a long standing SD is the more 
beneficial outcome. Such effects have been seen in patients of  
gastrointestinal stromal tumors treated with tyrosine kinase 
inhibitors where though the shrinkage in size of  tumor is less 
the survival of  patients is improved with SD.[29,31]

Major limitations of  this study are the retrospective nature of  the 
data collection and heterogeneous group of  patient population 
(the response may vary depending on the type of  cancer). A 
better evaluation in a prospective trial setting is warranted. Also 
this study does not assess clinical outcomes, but was undertaken 
to look at better response assessing modality.

In conclusion, as this type of  metronomic treatment brings about 
tumor or angiogenic dormancy it is natural that the treatment 
response criteria based on morphologic characteristics will not be 
evident soon after therapy and thus using functional imaging criteria 
like PERCIST would be the best to monitor the treatment response.

CONCLUSION

Our study shows that metabolic response is a more appropriate 
way of  assessing the response to metronomic therapy. 
Tumorostatic treatment regimens like metronomic therapy where 
alteration in morphological features would take time to manifest, 
assessment of  metabolic response using FDG PET would be 
more appropriate. We thus recommend that PET should the 
imaging modality of  choice in response assessment of  patients 
of  metronomic therapy. Though metronomic therapy is used as 
a palliative therapy, if  response evaluation by PET shows CR, 
this form of  treatment has the potential to become a mode of  
treatment rather than palliation in some tumors and this has to 
be evaluated with larger, homogenous patient population in a 
prospective mode.
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